This paper uses stamp catalogue prices to investigate the returns on British collectible postage stamps over the period 1900-2008. We find an annualized return on stamps of 7.0% in nominal terms, or 2.9% in real terms. These returns are higher than those on bonds but below those on equities. The volatility of stamp prices approaches that of equities. Stamp returns are impacted by movements in the equity market, but the systematic risk of stamps remains low. Stamps partially hedge against unanticipated inflation. Estimates of average after-cost returns for individual investors show that stamps may rival equities in terms of realized performance.
Introduction
While non-pecuniary benefits like the aesthetic enjoyment of a collection of stamps or the pride in having secured a rare issuance surely motivate amateur stamp collectors, investors are more interested in how high-end stamps perform as an asset class. Just like other collectibles, stamps are often considered a comparatively safe investment in times of financial turmoil, and one that potentially hedges better against changes in the aggregate price level. For example, The Wall Street Journal (2009) recently showed how investors who are worried about the economy and future inflation are crowding out casual hobbyists in the market for collectible U.S. coins. In Great Britain, the credit crunch has made investors turn to collectibles, reportedly in the hope that coins and stamps can offer a "cycle-resistant alternative" to traditional financial assets (The Times, 2008) .
To serve stamp collectors' and investors' need for a reliable price index, stamp dealer and catalogue publisher Stanley Gibbons launched the Stanley Gibbons Great Britain 30 Rarities index (SG GB30) in 2004. The SG GB30 aggregates the catalogue prices for 30 scarce British stamps-a collecting area in which there is global interest-that were worth at least 10,000 GBP at the time of index construction. It is the first transparently managed stamp index; in contrast, Stanley Gibbons has never revealed the (changing) composition of its worldwide SG100 index which was created in 2002.
The stamp dealer has often referred to the good performance of the SG GB30 on its Web site and in its publications. However, three problems with the index come to the fore. First, Stanley Gibbons has back-tracked the stamp values to report annualized returns since as early as the 1970s (Gibbons Stamp Monthly, 2006a) . The index thus suffers from a typical look-ahead bias (Dimson, Marsh, and Staunton, 2002) : the back-tracked price evolution of the constituents of the SG GB30 may not be representative of the overall price trend in the market for British collectible stamps. Second, even abstracting from the previous problem, the index does not allow one to take a very long-term view on stamp investments, since valuations for some constituents have not been available for a sufficiently long period. Third, the SG GB30 also contains rare plates and non-regular stamp types, which are likely to be especially thinly traded.
It is not the first time that a firm dealing in collectibles has created its own price index. Consider, for example, the Sotheby's Art Index, which was run in the 1980s by the famous auction house. The index values were based on the appraised values of works of art, as estimated by Sotheby's experts. Shiller (1993) argued that the index "must reflect a lot of guess work" and "would appear to have even greater potential problems than the appraisal-based indexes of commercial real estate." Nevertheless, with the impressive performance of the index in hand, Sotheby's could convince potential art buyers that the art market was full of lucrative investment opportunities (Lacey, 1998 ). Sotheby's discontinued their index soon after the art market crash of 1991.
In this paper, we look into the returns on British collectible postage stamps over the very long run, based on Stanley Gibbons catalogue prices. After describing price trends in the early decades of stamp collecting, we construct a stamp price index that starts in 1900, using the arithmetic repeat-sales methodology developed by Shiller (1991) . We compare the resulting returns on stamps to those reported by Stanley Gibbons itself, and to the returns on a range of financial and non-financial assets.
As stamp collecting is a form of luxury consumption, changes in affluent individuals' wealth can be expected to drive the market for stamps (Aït-Sahalia, Parker, and Yogo, 2004; Hiraki, Ito, Spieth, and Takezawa, 2009 ). Therefore, we investigate the relation between stamp returns and equity market movements. We also examine the degree to which stamps are a hedge against both expected and unexpected inflation. Finally, we give rough estimates of the realized returns of individual investors in equities and stamps after transaction costs.
Since 1900, our stamp price index has shown an annualized nominal return of 7.0%, and an annualized real return of 2.9%-a performance that is between the returns on bonds and equities, but comparable to that of art. There have been remarkably higher returns on stamps in some boom periods, for example in the second half of the 1970s and during recent years. However, there have also been extended periods of real price depreciation. After unsmoothing the real stamp return series, we find that the volatility of these returns is much higher than that of bonds and closer to equities. Once we account for non-synchronous trading, stamp returns are positively correlated with stock market movements. The beta of stamps is still relatively low, though, indicating that investors in stamps are only modestly exposed to systematic risk. We find that stamps are a hedge against expected inflation (like most assets), and there also is some evidence that they hedge against unexpected inflation (like gold). Finally, taking account of differences in holding periods and transactions costs, we find that the average annual realized return of a stamp investor can match the after-cost return of the average equity investor.
Our paper contributes to the literature in several respects. First, it contains a complete examination of the stamps market since its inception, and provides a price index for stamps since 1900. The construction of this index enables an unprecedented evaluation of the long-term investment performance of stamps. Second, our study extends the existing evidence on the relation between collectible prices on the one hand and equity markets and inflation on the other. Third, unlike previous work, we formally investigate the impact of differences in transaction costs and holding periods on the relative performance of this important collectible. Fourth, this paper will at times draw comparisons with the markets for art and gold, shedding new light on the dynamics of real asset prices.
The remainder of this paper is structured as follows. The next section contains a short history of stamp collecting and investing. Section 3 reviews the existing academic literature on stamp investments. Section 4 describes our data collection and methodology, while Section 5 reports the results of our research. Section 6 concludes and outlines future work. Belk (1995) describes collectors as individuals who passionately, and sometimes even obsessively, search and shop for unique but in essence useless items, such as obsolete postage stamps.
A short history of stamp collecting and investing
Stamp collecting has been an established pastime almost since the introduction of the Penny Black, the world's first prepaid adhesive stamp which was issued in the U.K. in 1840 (Johnson, 1920 ). Gelber (1992 reports that the hobby's first participants were women and children, who took an aesthetic interest in stamps. As stamps became marketplace commodities over the years, and as trading became a more important aspect of collecting, women and girls were replaced by men and boys. Stamps first became a fad asset in the 1860s, and stamp collecting gave rise to "an intense market-based subculture" (Gelber, 1992) . The earliest professional dealers had by then already set up business, and periodicals and catalogues started to emerge. (Lake, 1970) . Such was the demand that sheets of the stamps were quoted on the London Stock Exchange for a short time. The highly inflationary environment of the 1970s made investments in collectibles particularly attractive: stamps became a way "to lick inflation" (The Times, 1974) . In the 1980s, however, speculative demand for many collectibles disappeared as inflation fell (Stoller, 1984) .
Despite the bust of the 1980s and the lower interest among younger generations, stamp collecting remains one of the world's most popular hobbies, especially among the more affluent (Satchell and Auld, 2009) . The tens of millions of stamp collectors worldwide annually spend up to 10 billion USD on their hobby (Reuters, 2006) . The extensive global network of auction houses (now joined by online auction sites) and dealers, the existence of catalogues containing reference prices, and the ease of storage and transfer have ensured a relatively high liquidity of stamps throughout modern times.
Although stamp collecting has historically been underpinned by a market-based model of investing and trading, the philatelic literature has long discouraged buying stamps solely for the purpose of financial gain (Gelber, 1992) . Nevertheless, speculation in stamps has always existed, and even committed philatelists have often dreamt of "striking it rich" (Gelber, 1992) . Burton and Jacobsen (1999) show that many of today's collectors hope for financial gains. One respected investment professional, who is said to have invested over 100 million USD in rare stamps selected through top-down valuation techniques, noted after the 2007 sale of his British collection that the return had been "better than the stock market" (Gross, 2008) .
Related literature
Collectibles have been discussed in several strands of the economics literature. There is, of course, a sizeable body of research on art investments, including Goetzmann (1993) , Mei and Moses (2002) , Ashenfelter and Graddy (2003) , and Renneboog and Spaenjers (2010) . However, scholars have also investigated the markets for wine, coins, violins, and other collectibles, for which studies of returns are reviewed by Burton and Jacobsen (1999) . Relatively few studies have looked into the longterm returns on stamps, a gap that is especially striking given the financial values involved. Most prior studies utilize U.S. data, and consider relatively short time frames. Taylor (1983) applies a signal extraction method on transaction prices of the five most frequently auctioned stamps in his sample period to estimate quality-adjusted returns. He finds an average yearly return of 12. 2% between 1963 and 1976 . Cardell, Kling, and Petry (1995 also start from auction prices, but cover the period 1947-1988. They report an upward (and accelerating) trend until 1980, with a fivefold price increase between 1976 and 1980. Thereafter, prices decline and level off.
A fundamental question is whether stamps can function as a hedge against inflation or movements in financial markets. Cardell, Kling, and Petry (1995) and Thiel and Petry (1995) find that the returns on U.S. stamps are positively related to expected inflation over different time frames. With respect to portfolio diversification, Veld and Veld-Merkoulova (2007) suggest that there may be benefits from investing in British stamps. When applying a capital asset pricing model to the SG100 index, the authors find positive alphas, and betas that are close to zero. Even though the results are based on no more than four years of data, they seem to confirm previous findings on American data by Taylor (1983) and Cardell, Kling, and Petry (1995) that most of the risk of stamp investments is unsystematic relative to the equity market.
Data and methodology
To look into the long-term returns on British stamps, we need to construct a history of prices. [ Figure 1 about here] Fig. 1 shows a relatively steady increase in stamp prices between 1865 and 1890. At the end of the nineteenth century, however, our portfolio of eight used stamps rises dramatically in value.
Between 1890 and 1895, the aggregated catalogue values increase to 0.90 GBP from 0.21 GBP. The unused Penny Black follows a very similar trajectory. It thus seems that the growing demand from collectors first exerted pressure on stamp prices around 1890. It is telling that it took until 1891 for the "market value" of our portfolio of used stamps to surpass its "book value," measured as the sum of the nominal stamp values.
Furthermore, Fig. 1 illustrates the strong growth in the number of entries over the years. Of course, the population of existing stamps grew naturally over time, but old issues also came to be catalogued more exhaustively. While only eight British stamps were included in the 1865 price list, the number of constituents rose to 215 by 1895. There again seems to have been a structural break between 1891 and 1895. Closer inspection of the catalogues reveals that the 1891 edition was the first one with a (preliminary) numbering system, while the 1895 edition catalogue saw a marked increase in the number of varieties that were assigned classification numbers. For example, while previous editions only included the common Penny Black ("1d., black"), for which the price evolution is shown in Fig. 1 , the 1895 catalogue also displayed prices for varieties like "1d., intense black (early impression)" and "1d., grey-black (worn plate)."
By the start of the twentieth century, the Stanley Gibbons catalogues, with their newly introduced and very detailed classification system, had become the main source of reference for collectors of British stamps. To build a frequently updated price index, we consult all stamp price catalogues that have been published since then by Stanley Gibbons (1900 Gibbons ( -2008 . We assign every catalogue to the year-end that is closest to the publication date, as inferred from the publication timing stated in the catalogue or from the British Library's acquisition date-stamp. All but ten catalogues were published in the second half of the year. The first catalogue considered for this research is the 13 th edition that was published in January 1900; the last one is the 111 th edition that was published at the end of 2008.
The latter catalogue includes about 3,000 regular issues, and for many of these stamps also lists prices for special varieties, sets, and first day covers. There were no catalogues for the end of 1900, 1916, 1918, 1942, and 1945 (coinciding with the Boer and World Wars); nor for 1905, 1909, 1921, 1923, 1947, and 1950. We start by identifying the 50 most valuable British stamps in the first catalogue, published at the start of 1900. We then update our list of collectible stamps every nine years (until end-1998) , by adding those stamps to the list that are among the 50 most valuable ones at that point in time. If there is more than one stamp with the cut-off value, we include the oldest one in our data set, since collectors are often more concerned with earlier stamps. We include both unused and used stamps in our analysis. We do not consider special varieties, 1 and we exclude issues of postage due stamps, control letters, and other non-regular stamps. We do not delete or replace stamps.
Restricting ourselves to an initial list of 50 stamps and performing an update every nine years makes our procedure manageable, and maintains the focus on investment-grade stamps. Also, by choosing an interval of nine years, we avoid calendar years in which no catalogue was published. [ Figure 2 about here]
For each stamp thus identified, we track the prices from that point forward, taking into account changes in classification numbers when necessary. Fig. 3 illustrates the growing total number of stamps for which we follow prices over time, partitioned into the number of observations per year for which we have price information and the number of missing prices, from edition 13 to edition 111 of the Stanley Gibbons catalogue. In general, the proportion of missing prices is low. We can have missing observations for two reasons. First, especially in the earliest catalogues, it sometimes happens that a stamp is included but that no price is quoted, for example because Stanley Gibbons did not have the item in stock. Second, a stamp can exceptionally be omitted completely from the catalogue. When this happens (on only four occasions in 109 years), we assume a loss in value of 90%, to reflect the possibility that a stamp is deleted for reasons that are correlated with impaired value.
[ Figure 3 about here] varieties were not even included in the general list of stamps in the catalogues. An exception to the rule that we exclude these varieties is made for stamps that were already included in our database as regular types.
As explained before, we start following 50 stamps at the start of the twentieth century, but update our list every nine years. By the end of our time frame, we track prices for 127 stamps in total. 2 The growth mainly takes place in the first decades when each new edition saw a marked increase in the number of stamps for which valuations were available. Fewer stamps have to be added to our sample later on. That the list of most valuable stamps has been relatively stable over time indicates that changing tastes are less of an issue than in the art market, for example.
Though they were eligible, no stamps that were issued subsequent to 1935 enter our sample. An
underlying issue is what determines the (relative) value of a stamp. Next to quality, rarity definitely plays a role. For regular stamp issues, the rarity of stamps may be mainly a function of the quantity issued and age (Schnitzel, 1979) . Even though some of the earliest stamps were originally printed in editions of millions, only a limited number of copies have survived undamaged. Franses (2007) shows that the number of extant copies of collectible stamps also depends on the nominal value of the stamp and the length of the period during which the stamp was valid. Typically, unused stamps of an issue are worth considerably more than the used stamps, though there are exceptions.
Besides information on the magnitude of our sample, Fig. 3 includes the price evolution of the least expensive and most expensive stamps in our sample over our time frame. During the first years, the lowest value is about one pound, while the most valuable item was priced at less than ten pounds.
These figures increase dramatically over time, but the trends are very similar, even though the sample grows significantly. At the end of 2008, the most expensive stamp in our data set is worth 150,000 GBP, while the least valuable one is worth 550 GBP.
The Stanley Gibbons catalogue prices reflect both the company's own experience in supply and demand, and competitors' auction realizations, dealer prices, or catalogue prices. Prices are always for examples in fine condition, whether used or unused. They represent the estimated selling prices of Stanley Gibbons at the time of publication of the catalogue. Although catalogue prices may not always reflect market conditions as accurately as auction prices, they have historically constituted a "faithful barometer" of actual market values (Wagenheim, 1976 Our data set underpins a more consistent and longer-term analysis of the price trends of stamps than was previously possible. We apply the value-weighted arithmetic repeat-sales methodology as developed by Shiller (1991) to our price series. Repeat-sales regressions are typically used to estimate the returns on portfolios of assets that are infrequently traded, such as real estate or art. The methodology is particularly useful in our case because it adequately addresses the problem of price quotes that are temporarily missing. Repeat-sales regressions start from the purchase and sale date and price of each object, but different variations of the methodology exist. Shiller (1991) argues that his arithmetic method, which uses absolute prices instead of log prices, results in an index that represents the value of a portfolio of assets better than indexes based on geometric estimation methods.
Weighting by value gives rise to an index that represents the total value of the stamps in our sample.
Alternative repeat-sales approaches are reviewed in Goetzmann (1992) and Ginsburgh, Mei, and Moses (2006) , among others. Table 2 repeats the analysis, but shows the deflated index, using U.K. inflation data from Dimson, Marsh, and Staunton (2009) .
Empirical results

An index for postage stamps
[ Table 1 and Table 2 about here] 1949-1957 or 1983-1994 . That the return distribution shows a clustering just above zero-we find nominal returns of 0% to 1% in 28 years-suggests downward stickiness in prices. Stoller (1984) argues that in collectibles markets, a lowered demand will lead to a decrease in the number of transactions rather than in the price level, due to sellers' aversion to nominal losses. Case and Shiller (1988) show evidence of price rigidity in bear markets in real estate, where it can sometimes be explained by optimism about future prices. In our case, strategic considerations by Stanley Gibbons may also cause asymmetric price adjustments to changes in demand: a dealer may indeed be reluctant to undertake a downward revision in prices. However, as long as the catalogue values still determine the dealer's bids and asks, downward price stickiness does not affect our results.
Therefore, we do not explore this issue further here, although we will take into account (more general) appraisal smoothing and slow price adjustment when evaluating the total and systematic risk of stamp investments.
We see strong nominal price increases over several time frames, for example at the start of the twentieth century, in the second half of the 1960s, throughout the 1970s, and in the 2000s. Over the entire 109 years, the annualized return on our nominal price index is 7.0%.
4 Table 2 shows that there have been several prolonged periods of price depreciation in real terms, for example in the 1910s, the 1950s, and between year-ends 1980 and 1994 (except in 1987) . In contrast, we record the strongest price appreciations in the highly inflationary second half of the 1970s, when stamp prices increased more than threefold in real terms. We also observe large increases in value since the start of the new century. Our deflated stamp price index implies an average yearly real return of 2.9% over the 1899-2008 time frame.
We now compare the returns on our index with the returns on the (back-tracked) SG GB30. The Gibbons price index suffers from a look-ahead bias, we would expect it to overestimate the true historical returns on stamps, just like back-fitted equity indexes (Dimson, Marsh, and Staunton, 2002) .
Somewhat surprisingly, the geometric average nominal return on the back-tracked SG GB30 is in line with that of the repeat-sales index constructed in this study: 10.4% (SG GB30) versus 10.7% (our index). This implies that the SG GB30, although ad hoc in its design and clearly launched at the start of a stamp price boom, still gives a good idea of the average stamp price evolution since the beginning of the 1970s. However, if we want to get a truly long-term perspective on the returns from collectible stamps, and compare these returns to those on a number of other assets, the SG GB30 will not suffice.
Stamps versus other assets
Now that we have established a 109-year history of the returns on British collectible postage stamps, we can compare these returns with those on U.K. Treasury bills, government bonds, and equities. The return data for these financial asset classes are from Dimson, Marsh, and Staunton (2009) . The real price evolutions since year-end 1899 are shown in Fig. 4 .
[ Figure 4 about here] Fig. 4 shows that equities have outperformed all other asset categories, including stamps, over the period 1900-2008. Equities have realized a yearly average real return of 5.1%, while our stamp price index has grown by an annualized 2.9% in real terms. However, over the very long term, stamps have enjoyed higher returns than bonds or bills, which record average real returns of less than 1.5%. Even before the stamp price boom in the 1970s, our stamp index has a higher value than the indexes of bonds and bills. The successive negative real returns in the 1980s indicate, however, that stamps can also significantly underperform financial assets.
In Fig. 5 , we compare our stamp price index to the prices of two other physical assets for which long-term data are available, namely art and gold. Art is one of the most important categories of collectibles. provide us with an art index until 2007.
Other art price indexes exist, but the one used here is the only one that gives information on the longterm returns in the British art market. The data from are chain-linked to one year of returns based on the U.K. art market index of Artprice.com (2010) to get an index until end-2008. The most striking difference between the art and the stamp price index is probably that there was a boom in stamps (but not in art) in the 1970s, and a boom in art (but not in stamps) in the 1980s. Also in 2008 the returns differ dramatically: our stamp index increased by about 35%, while art prices dropped by more than 20%. Nevertheless, over the complete period, the art index has an annualized real return that is only 0.5% below that of stamps. Next, we look at gold, using prices in GBP from Global Financial Data. The geometric average real return on gold is 0.7%, which is much less than the return on stamps. However, there is a remarkable similarity in the price pattern of gold and stamps over time-consider, for example, the price run-up over the 1970s, and the long decline afterwards. This is probably no coincidence. In the inflationary 1970s, real assets became attractive as hedges, and therefore showed relatively high returns (Ibbotson and Brinson, 1993) . We more formally compare the hedging ability of stamps, "paper gold" according to Wagenheim (1976) ,
to that of other assets in the next subsection.
[ Figure 5 about here]
A full overview of the distribution of the nominal and real returns on stamps, the financial assets, art, and gold can be found in Table 3 . The mean returns on both stamps and art are between the returns on bonds and the returns on equities, and the story is the same for Sharpe ratios. A dilemma when comparing the returns on collectibles with those on financial securities lies in the differences in transaction costs and average holding periods. We return to this issue at the end of Section 5. Table 3 also shows that both stamps and art had their lowest real return in 1915, while both stamps and gold performed best in 1979, again hinting at some common factors driving the returns on these assets.
[ Table 3 about here]
At first sight, the standard deviation of stamp returns seems higher than that of bonds in nominal terms, but lower in real terms. We are, however, underestimating the true standard deviation of stamp returns, for a number of reasons. First, appraisals of an infrequently traded item's value are typically sticky: they depend on previous price observations and are only partially adjusted in any period. The return series is therefore prone to 'appraisal smoothing' (Geltner, 1991) . Second, and closely related, since the index is an average of time-ordered values, the first differences in index levels can be expected to be autocorrelated. The return series will therefore suffer from the 'Working effect,' which includes variability that is underestimated (Working, 1960; Schwert, 1990) . Third, in 11 years, we use geometrically interpolated index values, which again smoothes the stamp return series.
A remedy for appraisal smoothing is to unsmooth the return series, a technique originated in the real estate literature (Ross and Zisler, 1991; Geltner, 1993) , but later also applied to hedge funds (Kat and Brooks, 2002) and art market returns (Campbell, 2008 (Geltner, 1993) :
Eq. (1) can be inverted to recover the unsmoothed return series from the observed returns:
Inspection of the (partial) autocorrelogram suggests that the original real stamp return series follows an AR(1) process. This was confirmed by an analysis of the residuals using Portmanteau statistics.
When the smoothed series follows an AR(1) process, one can set the coefficient α in Eq. (2) equal to the autocorrelation coefficient at lag 1. By construction, the newly constructed series will then have a first-order autocorrelation that is close to zero, and the standard deviation of this unsmoothed return series is a better estimate of the true riskiness of stamp investments.
The first-order autocorrelation coefficients and the standard deviations of the smoothed and unsmoothed real returns are compared in Table 4 . We lose the first observation when unsmoothing the stamp return data, so we also calculate the standard deviations of the returns on financial assets excluding the first return. Table 4 compares the standard deviations of stamps and financial assets on this basis.
[ Table 4 about here]
We see that the unsmoothed stamp return series has a standard deviation that is equal to 18.0%, which is 5.5% higher than the standard deviation of the original series, and also higher than that of the returns on bonds. To accommodate concerns about our interpolation of returns (and thus smoothing the index) in the first half century of our time frame, Table 4 also repeats the analysis for the real return series after 1951, which is the last year with an interpolated return. The unsmoothed real stamp returns now have a standard deviation of 19.7%, which is again much closer to the standard deviation of stock returns than bond returns. It is thus clear that the real riskiness of stamp investments, as measured by the volatility of returns, is probably not much different from that of investments in equity markets. Also note that there have been extended periods of real price depreciation, further decreasing the appeal of stamps to investors who do not have a long investment horizon. Table 5 presents pairwise correlation coefficients between stamps and the assets from the previous subsection, based on real and nominal returns. We also recalculate the correlations using the unsmoothed stamp returns, but the results (not reported) are very similar. The nominal returns on stamps are significantly positively correlated with the returns on bills, art, and gold. The real returns are positively correlated with bonds, bills, and gold, but not with equities or art. Furthermore, we see a positive correlation between nominal stamp returns and inflation, but a negative correlation between real stamp returns and inflation. In the remainder of this subsection, we first examine the equity market sensitivity of stamps; we then focus on the inflation hedging attributes of stamps.
Stamps, equity markets, and inflation
[ Table 5 about here]
The lack of correlation between stamp and equity returns in Table 5 may be due to the nonsynchronous nature of the two types of returns. This non-synchroneity problem stems from three different sources. First, stamp prices probably adjust slowly to changes in financial-economic conditions. Second, catalogue prices partially reflect prior periods' pricing history, as mentioned before. Third, in order to calculate yearly stamp returns, we assign all published catalogues to the closest year-end. This gives rise to a small discrepancy between the reported price trends of stamps and the timing of equity returns.
To gain more insight into the true equity market sensitivity of stamps, we therefore estimate the market model beta using the aggregated coefficients methodology of Dimson (1979) , which accounts for non-synchroneity in asset returns. Dimson (1979) first runs a regression of asset returns on lagged, matching, and leading market returns:
where a is the number of lagged market returns, and b indicates the number of leading market returns.
The slope coefficients are then aggregated to get an unbiased estimate of the beta of an asset:
The results for our series of real stamp and equity (market) returns are shown in Table 6 .
[ Table 6 about here] Although the traditional beta (estimated in Model 1) is very close to zero, we get a significantly positive beta of 0.222 when also including one lag and one lead in the analysis (Model 2), with a β -1 equal to 0.141, indicating that it is mainly lagged equity market movements that matter. This beta grows to 0.325 with two lags and one lead (Model 3). These results show that there is non-negligible positive correlation between equity returns and stamp returns, but that the systematic risk of stamps is still relatively low. The low beta of stamps is consistent with the observation that the financial crisis did not stop stamp prices from rising during the 2008 bear market.
We now turn from the relation between equity markets and stamps to that between stamps and inflation. The correlation matrix in Table 5 shows a significantly positive correlation of 0.285 between the nominal returns on stamps and inflation. Only bills have a larger correlation coefficient (0.403).
Art and gold seem to hedge at least partially against inflation as well. Stamps and other real assets thus appear to thrive in highly inflationary environments. However, when considering real returns on stamps, we see a significantly negative correlation with inflation of -0.263, a coefficient that is comparable to the correlation between equities or art and inflation. This finding is somewhat surprising given that we observed the largest real returns on stamps in the 1970s, when inflation was very high. Table 5 also shows that the real returns on all other assets except gold are significantly negatively correlated to inflation.
We further examine the hedging ability of stamps by relating stamp returns to measures for anticipated and unanticipated inflation. Our analysis follows similar studies in real estate, such as Liu, Hartzell, and Hoesli (1997) . To initiate our analysis, we need a proxy for expected inflation that is available over the very long term. We consider two possibilities. First, we include lagged short-term interest rates in our analysis. Fama (1975) shows that if the T-bill market is efficient, and if the expected real return on bills does not change, changes in the nominal interest rate should be due to changes in the expected rate of inflation. Global Financial Data provides us with yields on one-year government notes since 1979; before then, we use annualized rates on three-month bills, measured at the previous year-end. A second, more naïve, measure is lagged inflation, which takes the value of inflation in the preceding year. Both proxies enable a measurement of the expected inflation rate in year t at the end of year t-1, expressed as ) ( t E ∆ . Following Fama and Schwert (1977) , we test the effectiveness of these two proxies as predictors of inflation through the following model: , ) (
where t ∆ is the true inflation rate, measured at the end of year t. If β is close to unity (and α is close to zero), the measure of expected inflation is a good one. The error term then reflects the unexpected component of the observed inflation. The estimation of Eq. (5), for our two proxies of anticipated inflation, is shown in Table 7 .
[ Table 7 about here] Table 7 shows that short-term interest rates are a reasonably good predictor of inflation. The α is statistically indistinguishable from zero, while β is only significantly different from one at the 10% level. However, as a robustness check, we also use lagged inflation as a measure of expected inflation.
Although β is significantly smaller than unity for this proxy, we get a higher R-squared in the estimation of Eq. (5).
We now test whether stamps (and other assets) are a hedge against expected and unexpected inflation using the methodology of Fama and Schwert (1977) . Their model is the following:
where jt R is the nominal rate of return on asset j, ) ( t E ∆ is the expected inflation rate, and
is the unanticipated inflation rate. An asset is a hedge against anticipated inflation if β j is equal to one, while it is a hedge against unexpected inflation if γ j is equal to one. The estimation results of Eq. (6), using short-term interest rates and past inflation as proxies for expected inflation, can be found in Table 8 .
5
[ Table 8 about here] 5 We also experimented with univariate autoregressive integrated moving average (ARIMA) models to predict inflation, but the forecasting power of these models was generally low. An alternative to the methodology of Fama and Schwert (1977) is the Fisherian direct causality equation of Solnik (1983) , which replaces the nominal returns in Eq.
(6) by real returns, and replaces the unanticipated inflation by the change in expected inflation. Solnik's model is motivated by the argument of Geske and Roll (1983) that unanticipated inflation is only a proxy for changes in inflationary expectations. The results of this model show mixed evidence that stamps hedge against changes in inflationary expectations, dependent on the proxy for expected inflation. Details are available from the authors on request. All regressions were also repeated with Newey-West standard errors that allow for heteroskedasticity and autocorrelation in the error terms. However, this did not alter our conclusions. Table 8 shows that stamps hedge against expected inflation, independent of the proxy used for inflationary expectations.
6 Equities and gold also seem to hedge against expected inflation, while the evidence is mixed for other asset classes. With respect to unexpected inflation, we only find strong support in favor of a hedging ability in the case of gold, although art is not significantly different from zero when lagged inflation is used. Since there may again be a non-synchroneity issue in the measurement of returns and unanticipated inflation rates, we repeat our Fama-Schwert tests using
Dimson's aggregated coefficients methodology to investigate the true sensitivity of stamp returns to unexpected inflation. 7 We include one lagged and one leading term, and now find coefficients on γ that are not significantly smaller than one at the 10% level. This indicates that stamps hedge at least partially against the unanticipated component of inflation as well.
The impact of transaction costs
The transaction costs associated with buying and selling rare British stamps amount to approximately 25% on a round-trip. Indeed, one can buy stamps at catalogue prices through Stanley
Gibbons, while the company indicates a buy-back price of about 75% of catalogue value, and sometimes even enters into a contract to pay this price. Similarly, when trading through auction, one has to take account of the buyer's premiums and seller's commissions, which can add up to more than 20% of the underlying item's value. Stamps experience long holding periods (though this must be partly endogenous, since high transactions costs presumably curtail trading volume). Considering the long holding periods for stamp collections and the short holding periods for equity investment (Barber and Odean, 2000) , the transaction cost drag associated with an investment-quality stamp collection may actually be similar to that of an equity portfolio.
To develop after-cost estimates of average returns on stamps and equities, we correct the baseline 6 If dealers condition their price adjustments on realized inflation in the previous period, stamps will partially hedge against "expected inflation" by construction, at least when past inflation is used as a proxy for inflationary expectations.
7 Non-synchroneity is less of a problem when examining the relation between stamp returns and expected inflation, because the expected inflation rate shows more persistence over time. Fama and Schwert (1977) follow a similar reasoning when considering the relation between real estate returns and inflation.
nominal geometric mean returns from Table 3 for annualized transactions costs. For stamps, we assume a transaction cost at sale of 25%. We ignore custody costs, which are low for stamps.
Commissions on buying and selling equities on the London Stock Exchange (LSE) have fluctuated over time, with an average for small transactions of 1.75% and for large transactions of 0.45%; in addition, the U.K. levies stamp duty on equity purchases, and this tax averages 0.92% over our sample interval. 8 Time series of effective trading spreads are not available for Great Britain, so we proxy them with Jones' (2002) estimates of bid-ask spreads for Dow Jones Industrial Average (DJIA) index constituents, which average approximately 0.5% for a round-trip. The estimated one-way cost of equity trading is therefore the commission plus half the stamp duty plus half the spread, namely between 1.16% and 2.46%, depending on the size of the transaction. We ignore management fees and custody costs. Fig. 6 shows the resulting annual post-cost return estimates for stamps and equities for holding periods ranging from one year to 40 years.
[ Figure 6 about here] Despite some reservations about Reitlinger's data (Guerzoni, 1995) , we regard 40 years as a reasonable estimate of the holding period for lifelong and cross-generational stamp collectors. With such a holding period, the mean yearly return on stamps net of transaction costs is 6.2%. (After ten and 25 years, the annualized after-cost returns are 3.9% and 5.8%, respectively.) A long investment horizon is particularly necessary given that stamps can also depreciate in real value over many successive years, as shown earlier. The average holding period for equities is much shorter. If we assume an annualized turnover that averages 75% of market capitalization, based on Dimson and Marsh (1993-2009 ) and Jones (2002), 9 the mean yearly post-cost return for equities equals 5.2% (or 7.3%, if transaction costs are small).
Consistent with Barber, Lee, Liu, and Odean (2009) , stock market investors thus lose a meaningful proportion of their wealth through trading, and it is clear that before-cost returns do not tell the whole story. If the average stamp investor retains his collection for a long interval, he can earn returns that are similar to those of the average equity investor (but below those of a buy-and-hold equity investor).
Conclusions and discussion
More than a century ago, journalist and stamp collector Edward Nankivell (1902) argued that "it is impossible to get away from the necessity of regarding stamps as an investment." Today it is no longer taboo to think of stamps as an asset that may contribute to a diversified investment portfolio.
Especially when the economic environment is uncertain or inflation runs high, collectibles can seem an attractive and relatively safe investment asset. In this paper, we have looked into the returns on British collectible stamps over the very long run. Since 1900, our price index of classic stamps has appreciated at a yearly average rate of 7.0% in nominal terms, which is equivalent to a real return of 2.9%. This is lower than the return on equities, but higher than bonds and bills. There have been some booms in the stamp market (in nominal and real terms), most notably in the second half of the 1970s, and in recent years. However, during most of the 1980s, and well into the 1990s, our index has shown negative real returns.
After unsmoothing the stamp return series, we find that the standard deviation of real returns is higher than that of bonds, and relatively close to equities. After accounting for non-synchroneity in the returns of stamps and equities, we conclude that there is a positive correlation between real equity and 9 Dimson and Marsh (1993-2009 ) report quarterly equally weighted (EW) and market value-weighted (VW) averages for the turnover of British equities. Over 1993-2009, the mean EW average was 74.5% (standard deviation 91.9%), while the mean VW average was 89.5% (standard deviation 74.3%). For earlier periods, Jones ' (2002) estimate of DJIA turnover is, on average, close to these levels, though with considerable time series fluctuation. stamp returns, but that the beta of stamps is still relatively low. We find strong evidence that stamps hedge against expected inflation, and weaker support for the hypothesis that stamps also hedge against unanticipated inflation. When taking into account differences in holding periods and in transaction costs, we find that the realized returns on stamps and equities may be closer to each other than one might conclude at first sight.
As an alternative asset class, stamps have characteristics that are clearly different from those of stocks or other financial securities. Just like other collectibles, stamps do not give rise to future cash flows, on which the valuation of traditional assets is based. It is still unclear what drives the returns on collectibles. This paper has hinted at the existence of a wealth effect: there is a positive correlation between the returns on equities and those on stamps. It has also documented the use of stamps as a hedge in highly inflationary environments. However, other factors may determine the long-term price performance of collectibles. For example, if the stock of stamps slowly deteriorates over time, prices may be modeled in a framework comparable to that of Hotelling (1931) and Jovanovic (2007) , who study non-renewable resources. The long-term returns of British art and stamps are similar, though these two asset return series appear to move in waves, with marked deviations over intermediate periods.
We hope that the length and consistency of construction of our index series will facilitate further research on the factors that determine the prices of collectibles. Shiller, R., 1993 Sharpe ratios for stamps, equities, bonds, art, and gold, taking the returns on bills as a proxy for risk-free returns.
The stamp return data are shown in Tables 1 and 2 . The return data for equities, bonds, bills, and inflation come from Dimson, Marsh, and Staunton (2009) . The return data for art come from and Artprice.com (2010) coefficients on a lagged market returns, the same-year market return, and b leading market returns into an unbiased estimate of the market model beta, using Dimson (1979) . R 2 is the R-squared, or the multiple correlation coefficient. The real stamp return data are shown in Table 2 . The return data for equities come from Dimson, Marsh, and Staunton (2009) . ***, **, and * denote significantly different from zero at the 1%, 5%, and 10% level, respectively. All coefficients are significantly smaller than one. analyze the relation between the returns on stamps and unanticipated inflation, the analysis is also repeated for stamps using the aggregated coefficients methodology of Dimson (1979) . In this case, we estimate γ by aggregating the slope coefficients on one lagged term, the same-year unanticipated inflation, and one leading term. The nominal stamp return data are shown in Table 1 . Data on short-term interest rates come from Global Financial Data. The return data for equities, bonds, bills, and inflation come from Dimson, Marsh, and Staunton (2009) . The return data for art come from and Artprice.com (2010) . Gold prices are downloaded from Global Financial Data. (edition 1) and 1900 (edition 13). It also presents the total value in GBP of a portfolio that contains the eight used stamps for which prices are available in 1865, and the value of an unused Penny Black, in each edition.
The horizontal axis shows the years of publication of the catalogues. 
